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WAVEFOiyyL EQUALIZATION APPARATUS 
FTFJ.D OF THK TNVENTTON 

The present invention relates to a wavefom equalization 
apparatus for reducing transmission line distorLion of a digital 
signal which is used for digital broadcasting. 

HArKr;ROTTND OF THK TNVKKTTTON 

Although digital broadcasting has initially been carried out 
mainly in satellite broadcasting, a tide of digitization recently 
^^ushes into terrestrial broadcasting and cable broadcasting, A 
l&aveform equalization tcchniqiie for reducing transmission line 
^Histortion is indispensable for terrestrial digital broadcasting 

C^nd cable digital broadcasting. 

I? 

Hereinafter, a conventional waveform equali7.ation apparatus 
terrestrial digital broadcasting will be described taking/ as 
flkn example, a DTV (Digital Television) system using an 8-VSB (8- 
level Vestigial Side Band) modulation method that is adopted in 
the United States. 

Figure 11 is a block diagram illustrating a conventional 
waveform equalization apparatus adapted to the VSB modulation 
method. in figure 11, llie waveform equalization apparatus is 
provided with a data input terminal 1001 to which a DTV signal 31 
employing the VSB modulation method (hereinafter referred to as a 
VSB signal) is applied; a digital filter unit 1015 for performing 
a filtering procesiS for waveform equalization on the VSB signal 
inputted from the data input terminal 1001; a data output 
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terminal 1011 for outputting the VSB signal S2 which has been 



subjected to the waveform equalization filtering process by the 



digital filter unit lOl.S; and a tap coefficient control unit 1014 



for calculating tap coefficients to be used In the digiLal filter 



unit 1015 on the basis of the data obtained from the digital 



filter unit 1015, and o\itpuLLing the tap coefficients to the 



digital filter unit 1015- 



In the digital filter unit 1015, a 32-tap transversal filter 

hereinafter referred to as a TF) 1002 receives the signal SI 

iS 

Q^plied to the data input terminal 1001, and calculates a product 
¥£ a signal obtained from each of the internal 32 taps and the 
corresponding tap coefficient which is given by the tap 

w 

Coefficient control unit 1014, and outputs the sxun of products so 
Ij^lculated, as a signal obtained by a filtering process for 
l^veform cqualizaLion^ to on adder 1009 and, further, outputs a 
tiblay signal which is obtained by delaying the input signal, to 



the 32-t.ap TF 1003 and the adder 1009. The TF 1003 receives the 



delay signal outputted from the TF 1002, calculates a product of 



a signal obtained fronri each of the internal 32 taps and the 



corresponding tap cocfficienL which is given by the tap 



coefficient control unit 1014, and outputs the sum of products so 



calculated, as a signal obtained by a filtering process for 



waveform equa] ization, to the adder 1009. The TF 1002 and the TF 



1003 ore used as an equivalent to a 64-tap TF, and the delay 



signal outputted from the TF 1002 to the adder 1009 is regarded 



3 



aa a signal from a center tap of the 64-tap TF constituted by the 
TF 1002 and the TF 1003, i.e,, a main signal component. A delay 
unit 1004 delays the signal outputted from the adder 1009 by 32 
symbols, and outputs the delayed signal to a delay unit 1010 and 
a slicer 1005 • The slicer 1005 maps the output signal from the 
delay unit 1004 to a closest value among the eight values the VSB 
signal can take, thereby removing an influence of noise of the 
input signal on the subsequent processes- A 64-tap TF 1006 
^^ceives the signal outputted from the sl.icer 1005, calculates a 

m 

product of a signal obt.ainod from each internal tap and the 
f±>rresponding tap coefficient given by the tap coellicient 

"Hi 

febntrol unit 1014, and outputs the sum of products so calculated, 

K 

l^jS a signal obtained by a filLering process for waveform 
^ualization, to the adder 1009, and further, outputs a delay 
iignal which is obtained by delaying the input signal to a 64-tap 

1007. The 64-tap TF 1007 receives the signal outputted from 
the TF 1006, calculates a product of a signal obtained from each 
internal tap and the corresponding tap coellicient given by the 
tap coefficient control unit 1014, and outputs the sum of 
products so calculated, as a signal obtained by a filtering 
process for waveform equalization, to the adder 1009, and further, 
outputs a signal which is obtained by delaying the input signal 
to a 64-tap TF 1008. The 64-tap TF 1008 receives the signal 
outputted from the TF 1007, calculates a product of a signal 
obtained from each of the internal 64 taps and the corresponding 
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tap coefficient given by tap coefficient control unit 1014, and 
oxitputs the Sinn of products so calculated, as a signal obtained 
by a filtering pxoccss for waveforiu equalization, to the adder 
1009. The three TFs 1006, 1007, and 1008, which are connected in 
series, are used instead of a 1 92-tap TF. The delay unit 1010 
delays the sign<il obtained from the delay unit 1004 by 192 

symbols (- 64 syiiibolsXS) , i,e,^ by syiabols to be delayed by the 
TF 1006, TF 1007, and TF 1008, and outputs the delayed signal to 
%fee tap coefficient control unit 1014. The adder 1009 adds the 

fftsults of the product-suia operations which are respectively 

w 

Stained from the TK 1002, TF 1003, TF 1006, TF 1007, and TF 1008 
||,e-, signals obtained by the waveform equalization filtering 
processes of the respective TFs)y and outputs a signal obtained 

11^ the addition, as a wavefoxiit-equalized VSB signal S2, from the 

f y 

||ita output torminal 1011 and, further, outputs the signal 
ll)tained by the addition, to the tap coefficient control unit 
1014 and the delay unit 1004. The tap coefficient control unit 
1014 calculates the tap coefficients corresponding to the 
respective taps included in the TF 1002, TF 1003, TF 1006, TF 
1007, and TF 1008/ on the basis of the outputs from the adder 
1009 and the delay unit 1010, and outputs the tap coefficients to 
the TF 1002, TF 1003, TF 1006, TF 1007, and TF 1008, thereby 
controlling updation of the tap coefficients. 

Figure 17 is a diagram illustrating the structure of a VSB 
system signal format. The VSB system signal loritiat comprises an 



arcD including a data signal 3101 yuch ;=is video and audio data, 
an area including a field sync signal 3102, and an area including 
a segment sync signal 3103. 

Figure 13 is a schematic diagram lllustraLing Lhw structure 
of the field sync signal. With reference to figure 13, the field 
sync signal in the axtia :S102 includes a PN 511 signal 3201/ three 
PN 63 signals 3202, and a control signal 3203. In figure 12, a 
field sync signal #2 is different from a field sync signal #1 
Sily in that the second value of the PN 63 signal 3202 is 
Siverted. Further, in figure 13, niinieric values on the left side, 
£e-, +7, i-5, +3, +1, -i/ -3, -5, and -7, are examples of eight 
ll^lues the 8-VSB modulation method can take. 

m * The VSB signal comprlaei^ 83/: symbols and 313 segments per 
jljrame. Further, the PN 511 signa3 3201 is represented by PN511 = 
If+xVx^+xVx^iXi 1, and Pro-load is represented by OlOOOOOOO. The 

fS 

PN 63 signal 3202 is represented by PN 63 - XVX-il, and Pre-load 
is represented by 100111. The PN 511 signal 3201 comprises 511 
symbols, the PN 63 signal 3202 comprises 63 symbols, and the 
control signal 3203 comprises 128 symbols. Therefore, the whole 
field sync signal 3102 comprises 828 symbols. 

Next, the operation of the waveform equalization apparatus 
will be described with reference to figure 11. 

Initially, when an 8~VSB-modulated DTV signal is inputted to 
the data input termin^^l 1001 as an input signal SI, the signal Si 
is subjected to a waveform equalisation process by the TF 1002 
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and the TF lOO:) on the basis of the tap coefficients vitiir.h are 
set by the tap coefficient control unit 1014, and the result of 
product-sum operation performed on the nntp\jh.s from the internal 
taps of each of the TF 1002 and TF 1003, as well as a delay 
signal outputted froia the TF 1002, are transmitted to the adder 
1009. The adder 1009 sums the inputted signals, and outputs the 
resultant signal from the data output terminal 1011 as an output 
signal S2, and futther, outputs the signal to the tap coefficient 
Sbntrol unit 1014 and the delay unit 1004. The delay unit 1004 
Ijelays the output signal S2 by 32 symbols and outputs the delayed 
l^|ignal to the slicer 1005 and the delay unit 1010. The slicer 
g|0Q5 maps the output of the delay unit 10U4 to a closest value 
among the eight values/ thereby removing an influence of noise ol 
fjhe signal on the subsequent processes. Each of the TF 100 6/ TF 
£1007^ and TF 1008 waveform-equalizes the output of the slicer 
'l005, and outputs the result to the adder 1009. The delay unit 
1010 delays the output of the delay unit 1004 by 192 jsyinbols, 
i.e., by synibols to be delayed by the TF 1006, TF 1007, and TF 
1008, and outputs the delayed signal to the tap coefficient 
control unit 1014. The delay unit 1010 is provided for 
outputting the output of the delay unit 1004 which is not octal- 
leveled by the slicer lOOl), to the tap coefficient control unit 
1014. The tap coefficient control unit 1014 obtains a difference 
between the output signal S2 and a most reliable symbol value 
among the eight symisol values shown in figure 13, and performs 



7 



updation of the tap coefficients of the TF 1002, Tt" 1003, TF 1 006, 
TF 1007, and TF 1008, using the difference, on the basis of the 
LMS (Least Mean S<iuar(=i) algorithm. 

As described above, the TF '1VU2 and the TF 1003 function in 
a similar manner to a single TF, and these TFs serve as a so- 
called feed-forwurd type TF, Further, the TF 1006, TF 1007, and 
TF 1008 also function in a similar manner to a single TF, and 
these TFs serve as a ^so-called feed-back type TF, which performs 
v||veform equalization on the signal that is 32 symbols delayed by 
tile delay unit 1004, thereby to realize waveform eqxiaiization on 
ffie rear region which cannot be waveform.- equalized by the TFs 
^02 and 1003. 

Next/ the operation of the tap coellicient control unit 1014 
\||11 be described. The tap coefficient control unit 1014 obtains 

1 M 

.d|;dif f erence between the inputted output signal S2 and the most 

m 

Reliable symbol value among the eight symbol values, and performs 
updation of the tap coefficients of the. TF 1002, TF 1003, TF 1006, 
TF 1007, and TF 1008 on the basis of the IMS algorithm. The LMS 
algorithm js an algorithm for performing the n-th updation (n; 
positive integer) of a tap coefficient Ci ol cl tdp i (i: positive 
integer) in any of the TF 1002, TF 1003, TF 1006, TF 1007, and TF 
1008 on the basis of the following formula (1) • 

Ci(nfl) = Ci (n) -a XenXdi .,.(1) 
where a indicates a fixed constant step size for deciding a 
coefficient updation amount, en is an error in the output signal. 
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di indicates data of the tap i, and -aXenXdi indicates the 
coefficient updation amount* The tap coefficient control unit 
1014 \ipdates the tap coeflicients to be used in the TE" 1002/ TF 
1003, TF 1006, TF 1007, and TF 1008 on the basis of formula (1), 
The outpuL signal S2 is represented by the following formula (2) . 
S2(n) - 2(1-0, 255) (Ci (n) Xdi) -..(2) 
Next, a description will be given of a conventional waveform 
equalization apparatus used for cable digital broadcasting. Also 
IJi cable digital broadcasting, waveform equalization using the 
IpS algorithm is carried out. However/ cable digital 
Ifroadcasting usually employs, as a modulation method, not the 8- 
^jSB modulation method buL a QAM (Quadrature Amplitude Modulation) 
jb^thod . 

% Figure 14 shows an arrangement of signal points, with 

m 

pespect to a DTV signal using a 64-state QAM method (hereinafter 

fi 

referred to as a 64-QAM signal) , In figure 14, the abscissa 
shows the real numbor axis while the ordinate shows the imaginary 
number axis. 

Figure 15 is a block diagram illustrating a waveform 
equalization appaxaLua ddapted to the G4-state QAM method. With 
reference to figure 15, a real component of a 64-QAM signal is 
inputted to a data input terminal 2001, The inputted r*>al 
component of the 64-QAM signal is inputted to a TF 2003 and a TF 
2005 • The TF 2003 performs a product-sum operation of the 
outputs from the respective internal taps, and outputs the result 
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as a signal obLainod by a filtering process for waveform 
equalization, Lo a subtracter 2007. Further^ a main signal of 
the TF 2003 IS inputted to an adder 2009* Further, the outputs 
from the respective taps of the TF 2003 are inputted to a tap 
coefficient control unit 2013, The TF 2005 performs a product- 
sum operation of the ouLputs from the respective internal taps, 
and outputs the result to an adder 2008 as a signal obtained by a 
filtering process for waveform equalization, 

2 On the other hand, an imaginary component of the 64-QAM 
IJgnal is inputted to a data input terminal 2002. Then, the 



||naginary component of the 64-QAM signal is inputted to a Ti* 2 004 
^d a TF 2006. The TF 2006 performs a product-sum operation of 
l^he outputs from the respective Internal taps, and outputs the 

^^sults to the adder 2006 as a signal obtained by a filtering 

P 

ppocess for waveform equalization. Further, a main signal of the 
ft" 2006 is inputted to an adder 2010 • Furthermore, the outputs 
from the respective taps of the TF 2006 are inputted to the tap 
coefficient control unit 2013- The TF 2004 performs a product- 
sum operation of the outputs from the respective internal taps, 
and outputs the result to the sublracter 2007 as a signal 
obtained by a filtering process for waveform equalization* 

The subtracter 2007 subtracts the output of the product-sum 
operation result of the TF 2004 from the output of the product- 
sum operation result of the TF 2003. The adder 2009 adds the 
ovitput of the subtracter 2007 and the main signal of the Tif' 2003, 



10 



and outputs the sum as a real component of a complex output 
signal S22 from the data output terminal 2001 and, turtJier/ 
inputs the sum to the tap coefficient control unit 2013, 

The adder 2008 adds the output ol Lhe pi oduct-smi operation 
result of the TF 2006 and the output of the product-sum operation 
result of the TF 2005. The adder 2010 addt^ tho output of the 
adder 2008 and the main signal of the TF 2006, and outputs the 
sum as an imaginary component of the complex output signal S22 
:^om the data output terminal 2012 and, further, inputs the sum 
tH the tap coefTiciont control unit 2013- The tap coefficient 
cf§ntrol unit 2013 controls updation of the tap coefficients of 
||e TFs 2003-^2006, on the basis of the real component and 
Ipayinciry component of the complex output signal S22, 
^ The complex output signal S22 obtained from the waveform 
Visualization apparatus is represented by the following formula 

w 

B). 

S22(n) = 2 (1=0,255) (C:i (n) Xdi) .,-(3) 
In tormula (3), when Ci (n) and di are represented by complex 
elements as follows: 

Di - di (r) 4-jdi (i) 
Ci(n) = Ci(n) (r)+jCi(n) (i) 
where (r) indicates real component data, and (i) indicates 
imaginary component data, the complex output signal S22 is 
represrsnted as follows: 

S22(n) = S (i=0,255) ( (Ci (n) (r)+jCi (n) (i) ) X (di (r)+jdi(i) ) ) 
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= S(i=0,255) {(Ci(n) (r) Xdi(r)-Ci(n) (i) Xdi{i)) 
+ j (Ci(n) (r) Xdi(i)+Ci(n) (i) Xdi{r))) 
When S2P^(n) is represented by 

S22(n) - S22 (n) (r)+3S22 (n) (i) 
522 (n) (r) and JS22 (n) (i) are represented by the following fomulae 
(4) and (5)/ respectively. 

S22(n)(r) = £ (1-0, 255) (Ci (n) (r) Xdi (r) -Ci (n) (i) Xdi (i.) ) .-.(4) 
S22(n)(i) = 2 (i=0,255) (Ci(n) (r) Xdi(i)+Ci(n) (i) Xdi(r) ) ...(5) 
^ Next, the tap coefficient updating operation by the tap 
I&efficient control unit 2013 will be described. 

The tap coefficient control unit 2013 controls updation of 
^e tap coefficients of the TFs 2003~2006 on the basis of the 

g^al component and imaginary component of the inputted complex 

m 

j|ptput signal S22 as well as the tap outputs from the TF 2003 and 

|S , . 

She TF 2006. A tap coefficient updation formula to fop. used a.n 

m 

the case where a QAM signal is inputted is represented as follows ^ 
using the IMS algorithm, 1n a similar manner Lo the above- 
mentioned formula (1) . 

Ci{n+1) - Ci (n}-a XenXdi* ...(6) 
where di* indicates the complex conjugate (complex number) of di . 

When formula (6) is developed using complex expressions as 
follows : 

Ci{n) - Ci (n) (r)+jCi (n) (i) 
en ^ en (r) +jen (i) 
di - di (r) 4jdi (i) 
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di* = di (r) -jdi (i ) 
the real component is represented by 

Ci (n+1) (r) = Ci (n) (r) - a X {en(r) Xdi (r) 4 en (i) X di (i) } 
and the imaginary component is represented by 

Ci (n+l) (i) = Ci (n) (i) - a X {en{i) Xdi (r) +en(r) Xdi (i) } 
The conventional waverorxu equalization apparatuses are 
constituted as described above, and a DTV signal with reduced 
distortion can be obtained by employing these waveform 
^ualization apparatuses- 

}:;■ In the convent i nn;^l waveform equalization apparatuses, 
^pwever, the calculation of the output signal varies between the 
i^ase where the VSB signal Is inputted and the case where the QAM 
^^gnal is inputted, as shown by formula (2) for Lhe VSB i^lcjud I 

ilhd formulae (4) and (5) for the QAM signal, and therefore, 

111 

jifeparated waveform equalizers adapted to the respective signals 
kust be prepared. Accordingly, when providing a waveform 
equalization apparatus adaptable to both of the VSB signal and 
the QAM signal, waveform equalizers adapted to the respective 
signals are required and these equalizers should be switched 
according to the input signal, resulting in an increase in the 
circuit scale. 

Furthermore, the tap coefficient control unit 1014 
calculates l.he tap coefficients using an error in the VSB signal, 
according to the LMS algorithm as shown by formula (1) • 
Therefore, Lhe signal before being sliced by the slicer 1005 must 



be delayed by a time equal Lo the time to be delayed by the TF 
1006, TF 1007, and TF 1008, before it is ixiputted to the tap 
coefficient control unit 1014, and the delay unit 1010 is 
required as means for delaying the signal- However, such delay 
unit is large in circuit scale, resulting in an increase in the 
circuit scale of the whole wavelorm equalization apparatus. 

Furthermore, in the conventional waveform equalization 
apparatus, adaptive control for optimizing Lhe filter 
Characteristic is carried out by updating the tap coefficients 

9 

i^th the tap coefficient control unit 1014 on the basis of the 
Ifiitput signal . Therefore, the filter characteristic is not 
|;^nstant but varies wa.th Lhe updation of the tap coefficients. 
4s a result, it Is difficult lor the user to know the IllLei: 



The present invention is made to solve the above-described 
problems and has for its object to provide a waveform 
equalization apparatus which is able to pertorm waveform 
equalizalion on both of a VSB signal and a QAM signal, has a 
reduced circuit scaJe, and enables the user to easily know the 
filter characteristic that is updated by adaptive control. 

Other objects and advantages of the invention will become 
apparent from the detailed description that follows. The 
detailed description and specific embodiments described are 
provided only for ilJustraLion since various additions and 




Characteristic that is updated by the adaptive control. 



M|?MMARY OF THF TNVKNTTON 
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modifications within the. scope of the invention will be apparent 
to those of skill in the art from the detailed description. 

Accordificf to a first aspect of the present invention, there 
Is provided a waveform equalization apparatus comprising: a first 
input terminal to whic:h only a real component of a digital input 
signal to be waveform-equalized is applied; a second input 
terminal to which only an imaginary component of the digital 
input signal to be waveform-equalized is applied; plural 

transversal filters for performing filtering processes for 

O 

^veform equalization on the digital input signal; a first output 
fferminal from which only a real component of a waveform-equalized 
pigital output signal is outputted; a second output terminal from 
||}iich only an imaginary component of the waveform-equalized 
|f{igital output signal is outputted; plural selectors for 
palecting a connection of lines which interconnect the first or 
ibcond input terminal, the plural transversal filters, and the 
first or second output terminal; and a filter construction 
control signal generator for generating a filter construction 
control signal which controls the plural selectors to control the 
filler contjtiuction such that the whole apparatus becomes a real 
component filter when the digital input signal is a signal having 
only a real component/ and becomes a complex filter when the 
digital input signal is a signal having both a real component and 
an imaginary component. 

According to a second aspect of the present invention in the 
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generatirig a filter operation control signal which c^mnges the 
filter operation by changing the tap length of the predoterrnined 
transversal filter- . 

According to a sixth aspect ot the present invention, there 
js provided a waveform equalization apparatus comprising a first 
input terminal to which a digita] input signal having only a real 
component is inputted; a second input terminal to which a digital 
input signal having only ^n imaginary component is inputted; 
first and second output terminals; first to fourth transversal 
Miter (hereinafter rererred to as TF) units for performing 
fj.ltering processes for waveform equalization; a delay moans for 
Inlaying an input signal to output a delayed signal; and first 
^d second tap coefficient control means for controlling tap 
f|)efficients of the first to fourth TF units; wherein, when a 
H-gnal is applied to only the first input terminal, the first to 
ilourth TF units are connected as follows: the signal applied to 
the first input termiruil is inputted to the first TF unit; a 
signal which is obtained by delaying a signal outputted from the 
first output terminrii with the delay means is inputted to the 
second TF unit; a delay output from the second TF unit is 
inputted to the third TF uniL; a delay output from the third TF 
unit ii> inputted to the fourth TF unit; and signals which are 
filter-processed by the second to fourth TF units are added to a 
signal which is f i ll^^r-processed by the first TF unit and a main 
signal component of the first TF uniL, and the result of the 
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addition is outputted from the first output terminal ; and 
waveform equalization is performed on the input signal to the 
first input terminal while controlling the tap coefficients of 
the first to iourth TF units with the first tap coefficient 
control means on the basis of the output from the first output 
terminal, and a signal so obLaiiied is outputted from the first 
output terminal; and when signals are applied to both of the 
first input terminal and the second input terminal, the first to 
^urth TF units are connected as foDlows: the signal applied to 
feke riT-$r input r.erminal is inputted to the first and third TF 
W|aits; the signal applied to the second input termxnal is 
^putted to the second and fourth TF units; the main signal 
igiomponent of the first TF uniL it> tidded to a value which is 
Obtained by subtracting the signal filter-processed by the second 

ill 

giF unit from the cignaJ filter-processed by the first TF unit, 
and the result of the addition is outputted from the first data 
output terminal; and the sicjnal filter-processed by the third TF 
unit, the signal filter-processed by the fourth TF unit, and the 
main signal component of the. fourth TF unit are added, and the 
result of the addition is ouLpuLLed from the second output 
terminal; and the input signals applied to the first and second 
input terminals are subjected to waveform equalization while 
controlling the tap coefficients of the first to fourth TF units 
with the second tap coefficient control means on the basis of the 
outputs from the first and second output terminals, and the real 
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component of the signal so obtained is outputted from the first 
output terminal while the imaginary component of the signal so 
obtained is outpnttod from the second output terminal. 

According to a seventh aspect of the present invention, in 
the waveform equalization apparatus according to the sixth aspect, 
each of the first and fourth Tf units is provided with n pieces 
of TFs (n: integer equal to or larger than 3), and the respective 
TFis are conneuttid such that a delay output from the m-th TF (l^m 
gn-1, m: intogcr) is inputted to the (m+i) th TF; and the 
Skveform equal izHtion apparatus further includes: a first 

Ms 

fe^election means for receiving delay outputs from the first to (n- 
th TFs of the first TF unit, respectively, selecting one of the 

gpLural delay outputs on the basis of a center tap control signal 

I u 

jtiiat is supplied from the outside, and outputting the selected 

i 

Hfignal as a main signal component of the first TF unit; and a 

ri 

second selection means for receiving delay outputs from the first 
to (n-l)th TFs of the fourth TF unit, respectively, selecting one 
of the plural delay outputs on the basis of the center tap 
control signal, and outputting the selected delay output as a 
main signal component of the fourth TF unit. 

According to an eighth aspect of the present invention, in 
the waveform equalization apparatus according to the sixth aspect, 
at least one of the first to fourth TF units is provided with n 
pieces of TFs (n: integer equal to or larger than 2), and the 
respective TKs are connected such t.hat a delay output from the m- 
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th TF (l^m^n-l, m: integer) is inputted to the (m+l) Lh TF/ and 
the operating state of at least one of the TPs is switched 
between the active sr<^te and the halt state by a filter operation 
control signal that is supplied trom the outside. 

According to a ninth aspect of the present invention, in the 
waveform equalization appaialub- dcuurding to the sixth aspect/ 
each of the first and fourth TF units is provided with n pieces 
of TFs (n: integer equal zo or larger than 2), and the respective 
TFs are connected such that a delay output from the m-th TF (l^m 
OlSn-l, m: integer) is inputted to the (m-f-l)th TF; each of the 
r|sacond and third TP" units is provided with s pieces of TFs (s: 
'^|integer ecjual to or larger than 2) , and the respective TFs are 

Cflconnected such that a delay output from the t-th TF (l^t^s-l, t: 

gfinteger) is inputted to the (t+l)th TF; and the operating state 

rt:i 

ryof at least one TF among the plural TFs constituting each of the 
SJ first to fourth TF units is switched between the active state and 
the halt state by a filter operaLion rontrol signal that is 
supplied from the otiLside, 

According to a tenth aspect of the present invention/ there 
is provided a waveform equalization apparatus comprising; a first 
input terminal to which a digital input signal having only a real 
component is applied; a second input terminal to which a digital 
input signal having only an imaginary component is applied; a 
first TF unit for receiving the input signal applied to the first 
input terminal, and outputting a signal which is subjected to a 
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filtering process for waveform equalizaLion, and a main signal 
component in the filLering process; a first selection circuit 
having first and second inputs, receiving, as the second input, 
the input signal applied to the second input terminal, and 
selecting either of the first and second inputs to output Lhe 
selected input; a second TF unit for receiving the output of the 
first selection circuit, and outputting a signal which is 
subjected to a filtering process for waveform equalization, and a 
<felay signal obtained by delaying the input signal; a second 

Mlector for selecting either the input signal applied to the 

p 

tlrst input terminal or the delay signal outputted from the 
^cond TF unit, and outputting the selected signal; a third TF 
^lit for receiving the output of the second selection circuit, 
|t|id outputting a signal which is subjected to a filtering process 

\ H 

l^r wavelorm equalization, and a delay signal obtained by 
ffelaying the input signal; a third selector for selecting either 
the input signal applied to the second input terminal or the 
delay signal outputted from the third TF unit, and outputting the 
selected signal; a fourth TF unit for receiving the output of the 
third selection circuit, and outputting a signal which is 
subjected to a filtering process for waveform equalization, and a 
main signal component in the filtering process; a fourth selector 
for selecting either the signal obtained by the filtering process 
in the second TF unit or a signal obtained by inverting the 
filter-processed signal, and outputting the selected signal; a 
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fifth selector for selecting either a signal which is obtained by 
adding the output of the fourth selector and the signal obtained 
by the filtering process in the first TF unit, or th^ main signal 
component outputted from the fourth TF unit, and outputting the 
selected signal; a sixth selector for selecting either a signal 
which is obtained by adding the output of the lourLh selector and 
the signal obtained by the filtering process in the first TF unit, 
or a signal which is obtained by adding the signal obtained by 
the filtering process in the third TF unit and the signal 
gbbtained by the filtering process in the fourth TF unit, and 
C|butputting the selected signal; a first output terminal for 
%utputting a signal which is obtained by adding the output of the 
Wfeixth selector and the main tsignal component of the firsL TF 
CSbnit; a delay unit for delaying a signal which is obtained by 

5 Is? 

fladding Lhe output of the sixth selector and the main signal 

\M 

Bicomponent o£ the first TF unit, and outputting the delayed signal 

re 

so that it becomes a first input to the first selector; a second 
output terminal for outputting a signal which is obtained by 
adding the output of the fifth selector, the signal obtained by 
the filtering process in the third TF unit, and Lhe :3ignal 
obtained by the filtering process in the fourth TF unit; a first 
Lap coefficient control means for contro] 1 ing the tap 
coefficients of the first to fourth TF units, on the basis of a 
signal which is obtained by adding the output of the sixth 
selector axid the main signal component of the first TF unit; and 
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a second tap cocfricient control mecans for controlling the tap 
coefficients of Lhe first to fourth TF units, on the basis of the 
signal which is ohtaine=^d by adding the output of the sixth 
selector and the main signal component of the first TF unit, as 
well as the signal which is obtained by adding the output of Lkie 
tifth selector, the signal obtained by Lhe filtering process in 
the third TF unit, and the signal obtained by the filtering 
process in the fourth TF unit; wherein, when a signal is inputted 
to only the first input terminal, the first selector selects the 
input from the delay unit and outputs it; the second selector 
fl selects the delay signal from the second TF unit and outputs it; 
tZthe third selector selects the delay signal from the third TF 
5^ unit and outputs it; the fourth selector selecLs the signal which 
%,is obtained by the filtering process In the second TF unit, and 

[M outputs it; the fifth selector selects the signal which is 

fl 

tfl obtained by adding the output of the fourth selector and the 
fy signal obtained by the filtering process in the first TF unit, 
and outputs it; the sixth selector selects the signal which is 
obtained by adding the output of the fifth selector, the signal 
obtained by the filtering process in the Lhijid TF unit, and the 
signal obtained by the filtering process in the fourth TF unit, 
and outputs it; and the first tap coefficient control means 
controls the tap coefficients of the first to fourth TF units; 
and when signals are inputted to both ot trhr first input terminal 
and the second input terminal, the first selector selects the 
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input of the second input terminal and outputs it; the second 
selector selects the input of the first input terminal and 
outputs it; the third selector selects the input of the second 
input terminal and outputs it; the fourth selector selects an 
inverted signal of the signal which is obtained by the filtering 
process in the second TF unit, and ouLpuLs it; the fifth selector 
selects the main signal component of the fourth TF unit and 
outputs it; the sixth selector selects the signal which is 
Li:)btained by adding the output of the fourth selector and the 
f^ignal obtained by the filtering process in the first TF unit, 

i . , , 

l^nd outputs it; and Lhe first tap coetticient control means 

■Hi 

tiontrols the tap coefficients of the first to fourth TF units. 

;? According to an eleventh aspect of the present invention, in 

m 

fl^he waveform equali7ation apparatuts according to the tenth aspect/ 

ri 

j^l^ach of the first- and fourth TF units is provided with n pieces 
f|?f TFs (n: integer equal to or larger than 3), and the respective 
TFs are connected such that a delay output from the m-th TF (1 ^m 
^n-1, m: integer) is inputted to the (m+l)th TF/ and a signal 
which is obtained by adding the signals that are filter-processed 
by the respecLive TFs is outputted as a lilLei-processed output 
from each of the first and fourth TF units; and the waveform 
equalization apparatus further includes: a seventh selection 
means for receiving delay outputs from the first to (n-l)th TFs 
of the first TF unit, respectively, selecting one of the plural 
delay outputs on the basis of a center tap control signal that is 
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supplied from tho outside^ and outputting the selected signal as 
a main signal component of the first TF lanit; and an eighth 
selection means for r^c^iving delay ontp\it5; from the first to in- 
l)th TFs of the fourth TF unit, respecLively, selecting one of 
the plural delay outputs on the basis of the center tap control 
signal/ and outputting the selected signal ats d ludin signal 
component of the fourth TF unit. 

According to o twelfth aspect of tho present invention, in 

hthe waveform equalization apparatus according to the tenth aspect, 

? 

lit least one of the first to fourth TF units is provided with n 

m 

Ifjieces of TFs (n: integer equal to or larger than 2), and the 
S'fespective TFs arc connected such that a delav output from the m- 

B. 

J|:h TF (l^m^n~l, m: integer) is inputted to the {m+i)th TF, and 
[Ihe operating state of at least one of the TFs is switched 
^Aetween the active slate and the halt cLato by a filter operation 
fiontrol signal that is supplied from the outside . 

According to a thirteenth aspect of the present invention, 
in the waveform equalization apparatus according to the tenth 
aspect^ each of the first and fourth TF units is provided with n 
pieces of TFs (n: integer equal to or larger than 2), and the 
respective TFs are connected such that a delay output from the m- 
th TF (l2m^n-l, rn : integer) is inputted to the (m-hl)th TF; each 
of the second and third TF units is provided with s pieces of TFs 
(s: integer equal to or larger than 2), and thft respective TFs 
are connected such that a delay output from the t-th TF (l^t^s-1, 
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L: integor) is inputted to the {t+l)th TF; and tho opftr;:5ting 
state of all least one TK' among the plural TFs constituting each 
of the first to fourth TF units is switched between the active 
state and the halt si.aTie by a filter operation control signal 
that is supplied from the outside, 

According Lo ci fourteenth aspect of the present invention/ 
there is provided a waveform equalization apparatus comprising: 
an input terminal to which a digital input signal having only a 
^al component is applied; a first TF for performing a waveform 
#|iu£^l i 7,ati on filtering process on the input signal applied to the 
Input terminal; an adder tor receiving^ as one of plural inputs, 
^|ie filter-processed output from the first TF, and adding the 
Ifiputted signals to output Lhe lesult of the addition; an output 
j|prminal for outputting the output of the adder; a delay unit for 
^^laying the output of the adder, and outputting the delayed 

i 

signal; a slicer for slicing the output of the delay unit; a 
second TF for- porforming a waveform equalization filtering 
process on the output ot the slicer, inputting the filter- 
processed signal to the adder, and outputting a delay output 
obtained by delaying the output of the slicer/ and signals 
obtained from the respective taps; a third TF for performing a 
waveform equalization filtering process on the delay output of 
the second TF, inputting the filter-processed ^signal to the adder, 
and outputting a delay output obtained by delaying the delay 
output of the second TF, and signals obtained from che respective 
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taps; a fourth TF for performing a waveform equal 5 7.<)t i on 
filtering process on the delay output of the third TF, inputting 
the filter-processed signal to the adder, and ouLpuLtincr signals 
oJDtaincd from the rp.spective taps; and a tap coefficient control 
means for controlling the tap coefficients of the first to fourth 
TFs on the basis ul Lhti output of the adder, and the signals 
obtained from the respective taps of the second to fourth TFs- 
According to a fifteenth aspect of the present invention, 
there is provided a waveform equalization apparatus comprising: 

pan input terminal to which a digital signal is applied; a test 

pi 

if| signal generator for generating a signal for test; an input 
ti signal selection means for selecting either the signal applied to 
the input terminal or Lh(=5 Lest signal/ on the basis of a mode 
input signal that is supplied from the outside; a digital filter 
ijj unit having at least one TF, and performing a filtering process 
^ for waveform equalization on the signal that is selected by the 
input signal selection me^^ns; an output terminal for outputting 
the signal that is filter-processed by the digital filter unit; 
and a tap coefficient control means for updating the tap 
coefficient of the TF in Lhe digital filter unit on the basis of 
the signal that is filter-processed by the digital filter unit 
when the input signal selection means selects the signal applied 
to the input signal, and performing no updation of the tap 
coefficient when the input signal selection means selects the 
test signal. 
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BRIEF DlESrRTPTTON OF TTTF. HRAWTNGf; 

Figure? 1 is a block diagram illustrating the construction of 
a waveform equalization apparatus according to a first ewbodiment 
of the preisent invention. 

Figure 2 is a diagram for explaining the operation of the 
waveform equalization apparatus according to the first embodiment, 
in the case where a VSB signal is inputted to the apparatus. 

Figure 3 is a diagram for explaining the operation of the 
waveform equalization apparatus according to the first embodiment, 
Clin the case where a QAM signal is inputted to the apparatus. 
Clf Figure 4 is a block diagram illustrating a waveform 

^li equalization apparatus according to a second enibodiment of the 

g|| present invenUioxi, 

?? 

g Figure 5 is a diagram for explaining the operation of the 

waveform equalled Lion apparatus according to the second 

m' 

S?; embodiment in the case where a vsB signal is inputted to the 

m 

apparatus • 

Figure 6 is a diagram for explaining the operation of the 
waveform equalization apparatus according to the second 
embodiment in the case where a UAM signal is inputted to the 
apparatus - 

Figure 7 i^ a block diagram illustrating a waveform 
equalization apparatus according to a third eiubodiment of the 
present invention - 

Figure 8 is a diagram for explaining the operation of the 
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waveforiti eqiaalization appo ru tui5 according to the third embodiment 
in the case where a Q7\M signal is inputted to the apparatus. 

Figure 9 is a di.^grarn illustrating a waveform equalization 
apparal-us according to a tifLh embodiment of the present 
invention . 

Figure 10 is a block diagram illusLraLing a waveform 
equalization apparatus according to a fourth embodiment of the 
present invention. 

Figure 11 is a folocJc diagram illustrating an example of a 
y| conventional waveform equalization apparatus to be used for : 
r| waveform equalization of a VSB signal. 

m Figure 12 is a diagram illustrating the construction of a j 

f^^i signal format of a VSB signal. . 

j 

Figure 13 is a diagram illustrating the construction of a ! 

field sync signal included in the VSB signal. j 

in ] 
^ Figure 14 is a diagram illustrating an arrangement of signal 

mi, 

points of a QAM signal. ; 

1 

Figure 15 is a block diagram illustrating an example of a • 
waveform equalizaLion apparatus to be used for waveform ^ 
equalization of a QAM signal, \ 

nF.TATLRD DRSCRTPTTON OF THF. PRRFF.RRF.D RMRnDTMKMT5^ ; 

* 

[Embodiment 1 ] [ 

I 

Figure 1 is a block diagram illustrating a waveform : 

< 

equalization apparatus according to a f i r,^t- embodiment of the r 
present invention. With reference to figure 1, a 32-tap TF 101 * 
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included in a transvorsal filter unit (hereinafter referred to as 
a TF unit) 101a receives an input signal applied to a data input 
Lerminiii 1, calculates products of outputs from plural internal 
taps (not shown) tiiid tap coefficients corresponding to the 
respective taps, sums the products so obtained/ and outputs the 
result of the producL-suni operation, as a result of a filtering 
process for waveform equalization, to an adder 113, Further, the 
32 tap TF 101 delays the input signal using an internal delay 
circuit (not shown), and outputs a delay signal so obtained to a 

Q32-tap TF 102 and an udder 118. The 32-tap TF 102 included in 

B 

Cithe TF unit 101a receives the delay signal outputted from the TF 
''1 101, and outputs a result of a product-sum operation which is 

obtained by summing up the products of outputs from plural 
f|| internal taps (not shown) and the tap coefficients corresponding 
f|l to the respective taps, as a result of a filtering process, to 

K the adder 113. The TF unit 101a is equivalent to a 64-tap TF, 

Hi 

and the delay signal outputted from the TF 101 to the adder 118 
serves as a main signal component of the TF unit 101a. In this 
first embodiment, a 64-tap TF may be employed instead of the TF 
unit lOia comprising che TF 101 and the TF 102. The adder 113 
adds the delay signal,s outputted from the TF* 101 and the TF 102, 
and outputs the sum to an adder 115, 

A selector 107, having first and second inputs, receives the 
input signal applied to the data input terminal as the second 
input, selects either the first input or the second input, and 
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out.put.s the ."JciccLcd one to a TF unit 10:3a, A S'l-hap TF lO'J as a 
component of the* Tl-' unit lOSa outputs a result, of a product-sum 
operation which if; porforiunc] on the ouLpuLs from the rospective 
internal i.ap3 and the corresponding tap coefficients, as a result 
of a filterinq process, to a hiclccLor 110 and a code inverter 119 
and, further, outputs a delay signal to a selector lOB. Tiiti 
selector lOB reeled. s either the delay signal from liie TF unit 
103a or the input :'^ignal ftotn the data input terminal 1, and 
outputs the selected signal to a TF unit 104a. A 64-tap TF 104 
pas a component of the TF unit 104a outputs a result of a product- 
g|sum operation which is performed on the outputs; ot the respective 
m internal taps and the corresponding tap coefficients, as a result 
g||Of a filtering process, to an adder 116, and turLher, outputs a 
delay signal to a selector 109, 

PI 5 

p| The selector 109 selects either the input signal from the 

I} data input terminal 120 or the delay signal from the TF unit 104a, 

^and outputs the selected signal to a TF unit 105a- A 32-tap TF 

105 as a constituent of the TF unit 105a receives the output of 

the selector 109, and outputs a reijult of a product-sum operation 

which is obtained by summing up the products ot the outputs from 

the plural internal taps and the tap coefficients corresponding 

to the respective taps, as a result of a filteritig process, to <xn : 

i 

adder 114, and further, outputs a delay signal to a TF 106 and a 

selector 111, Further the 32-tap TF 106 as a component of the j 

TF unit 105a receives the delay signal from the TF 105, and 



outputs A result of" a product-GUiii of)or';.^t ion which ii; obLnincd by 
summinq up l.lie products of the o\itputs from the plural internal 
taps and the Lcip roof f icienl *j co r r (^spondi ng to the respective 
taps, as ri rtt.salt of a filtering process, Lo the adder 11^. The 

unit 105a is equivalent to a 64-Lap TF, and the delay signal 
outpuLLed trora the> 105 to the selector 111 servei5 ati a xudin 
signal componGnt of the TF unit 105a. In this first embodiraGnt, 
a 64-Lcip TF nviy be employed instead of the TF uniL lOSa 

c||raprising the TF 105 and the TF 106. 

f% 

m Thci adder IM outputs a signal obtained by ;Kif1')rig the 

Id'. 

insults ol the produrl.-:->uiiL operations from the TF 10b and the 'i't' 
If 6, to the adder 116. The adder 116 adds the output from the 
fSlder 114 and Lhe result of the product-sum operation from the TF 
f|l)4, and outputs t.he sum to an adder 117, The code inverter 119 
Hiceives the result oi the product-sum operation outputted from 
the TF unit 103a, and outputs a signal obtained by inverting the 
codec oI the input signal, to the selector 110. Tho 5;ol actor 110 
selects either the output of the code inverter 119 or the result 
of the product-sucu operation from the TF unit 103a, and outputs 
the selected one. to the adder 115, The adder 115 adds Lhe output 
from the selector 110 and the output from the adder 113, and 
outputs a signal obtained by the addition to the selectors 112 
and 111. The selector 111 selects either the delay signal from 
the TF 105 in the TF unit 105a (i.e., the main signal component 
of t.he TF unit 105a) or the output from the adder 115, and 



outputs the selected one to the adder 117. The adder 117 adds 
the output of the selector 111 and the output of the adder 116, 
and outputs a signal obtained by the addition, as an output 
signal, from the data output terminal 121, and luxLhe^i, outputs 
the signal to Llie selector 112 and a tap coefficient controller 
150. The selector 112 selects either the output of the adder 117 
or the output of the adder ) If), and outputs the selected one to 
the adder 118. The adder 118 adds the output of the selector 112 
i|d the delay signal Iroiu the TF 101 in the TF unit 101a (i-e,, 
||e main signal co^-nponent of the TF unit 101a), and outpiits a 
|^.gnal obtained by the addition, as an output signal, Ixofu the 
l^ta output terminal 13, and further, outputs the signal to a tap 
f^efficicnt controller 140, the tap coefficient controller 150, 

fir 

a delay unit 4. 

i 

j^l The delay unit 4 delays the outpuL ^jignal from the adder 118 

i 

by 32 symbols, and outputs the delayed .signal to a slicer 5 and a 
delay unit 130. The slice.r 5 maps the Input signal to a closest 
value among plural value.s Lhc VSB signal can take (in this case, 
eight values), and inputs the mapped value to the selector 107 as 
a first input- The delay unit 130 delays the output signal from 
the delay unit 4 by 192 symbols, and outputs the delayed signal 
to the tap coefficient controller 140. The tap coefficient 
controller 14 0 receives the output signal to be outputted from 
the data output terminal 11, and the output from the delay unit 
130, obtains differences between these signals and a most 
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reliable syir^bol rimong the eight kinds of symbol values / obtains 

tap coefficients to be used in the TFs 101-^105, using the 
differences so obLciined, on the basis of the TMS algorithm, and 
transmits conLrol signals (not: shown) to the TFs 101~106, 
thereby updating Lhc respective tap coefficients to be used in 
the TFs 101~106 with the obtained tap coefficients- The tap 
coefficient controller 150 receives the output signal from the 
data output terminal 11, the output signal from tho data output 
terminal 121, the signals obtained from the respective taps in 
^io TF unit lOlia, i^nd the signals obtained from the respective 
tfps in the TF unit 105a, and obtains differences between these 
^^gnals and a mo.-^L reliable symbol value among the symbol values 
|||ie QAM signal can take, obtains tap coefficients to be used in 
f§e TFs 101~106 on the basis of the LMS algorithm using these 
i^fferences, and transmits control signals (not shown) to the TFs 

101~106, thereby updating the respective tap coefficients to be 
used in the TFs 101^106 with the obtained tap coefficients. A 
control signal for controlling the selectors 107~112 is supplied 
to a filter construction control terminal 122 from the outside, 
\^ach of the selectors 10'/~112 is supplied with the control 
signal, and each selector selects one of the two input signals 
according to the contxol signal. That is, the control signal 
controls switching of the input signals. This control signal is 
previously stored in an extexnal register or the like (not shown) , 
and is inputted to the filter construction control terminal 122, 
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according to the .signal inputted to the waveform equalisation 
apparatus^ on the basis of an instruction from an external 
controller or the like {not shown) . 

Figure 2 js a block diagram for explaining the operation of 
the waveform equalizaLion apparatus according to the first 
embodiment in the caf>e where a DTV signal having only a real 
component and employing the VSB modulation method (hereinafter 
referred to as a VSB .-ngnal) is inputted to the apparatus. 

^qure 2 is identical to figure 1 except that unused signal lines 

m 

^fe shown by dotted lines. Hereinafter, a description will be 
(3,^ven of the operation of the waveform equalisation apparatus in 
te^e case where a 8-VSB signal is inputted to the apparatus, wjth 
Inference to figure 2. 

m 

f|l First of all, a filter construction control signal for 

pitching the inputr^ Lo each of the seJectors in 

m 

accordance with the VSB signal, for example, "1", is supplied 
from the outside to the filter construction control terminal 122/ 
while a 8-V5B signal is inputted to the data input terminal 1. 

In the TF unit 101a, the TF 101 performs a filtering process 
on the 8-VSB signal inputted to the data input terminal 1, and 
outputs the filter-processed signal to the adder 113, and outputs 
a delay signal which is obtained by delaying the input signal 
with the internal delay circuit, to the TF 102, Further, the TF 
101 outputs the delay signal to the adder 118, as a main signal 
component of the TF unit lOla, The TF 102 performs a filtering 



process on the delay signal output ted from the TF 101, and 
outputs Lhe filter-processed signal Lo the adder 113, The adder 
113 adds the filter-processed signals from the TF 101 and the TF 
102, and outputs the sum. 

The selector 107 selects the output of the sli.cer 5 on the 
basis of the filter construction coiiLrul i>ignal, and outputs it 
to the TF 103. The TF 103 performs a filtering proce.s<=> on the 
output of the Gliccr, and outputs the f ilter-'processed signal, 
^d further, outputs a delay signal whicii is obtained by delaying 

hS 

tH|e signal with the intern;^! delay circuit- The selector 108 
fleets the delay signal outputted from the TF 103, on the basis 
IJ the filter construction control signal/ and outputs it Lo the 

104. The TF 104 parfona a filtering procusb on the delay 
llignal outputted froin the TF 103, and outputs the fjlter- 
|ytocessed signal and a delay signal- The selector 109 selects 



e delay signal from the TF 104^ on the basis of the filter 
construction control ?,ignal, and outpnt^^ it to the TF unit 105a. 

In the TF unit lOba, the TF 105 periorms a filtering process 
on the delay signal outputted from the TK 104, and outputs the 
tilter-processed signal to the adder 114, and ouLpuLs? d delay 
signal to the TF 106. The TF 106 performs a filtering process on 
the delay signal, aTi<i outputs the filter-processed signal to the 

adder 114 • In this way, the selectors lov-^ios are controlled so 
as to perforin signal selecting operations by the filter 
construol.ion control signal "1" which is inputted to the filter 
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construction control terminal 122, whereby Lhe TF 103, the TF 104, 
the TF 105, and the TV 106 are connocted in series. That is, the 
TF uniL 103^, the TF unit 104a, and the Th* unit lOS^i are 
connected in series. The adder 114 adds the signal which ±is 
f iltor-proces«ed by the TF 105 and the signal which is lilter- 
processed by the TF 106, and outputs the sum to the addei 116, 
The adder 116 adds the output of the adder 114 and the filter- 
processed signal obtained from the TF 104, and outputs the sum to 
i^fehe adder 117, 

f5 The selector 110 selects the filter-processed signal 

Ciutputted from the TF 103, on the basis of the filter 
(.construction control signal, and outputs it to the adder 115, 
gThe adder 115 adds the output of the selector 110 and the output 

m 

ri)f the adder 113, and outputs the sum- The selector 111 selects 
liphB output of the adder 115 on the basis of the filter 
iponstruction control signal, and supp]ies it to the adder 117. 
The adder 117 adds the output of the selector 111 and the output 
of the adder 116, and outputs the sum* The selector 112 selects 
the output of the adder 117, and supplies it to the adder 118. 
The adder 118 adds the output of the selector 112 axad the delay 
signal from the TF 101 (i.e,, the main signal component of the TF 
unit 101a), and outputs a signal obtained by the addition, from 
the data output terminal 11, as an output signal which is 
obtained by subjecting the VSB signal to waveform equalization- 
Further, the adder 118 outputs the signal to the delay unit 4 and 
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Llie tap coefficient control circuiL 140, The delay unit 4 delays 
the outpuL signal from the adder 118 to synchronize the Liming of 
the filtering process by the TF imit 101 a with the timings of the 
filtering processes by the TF unit 103a, the TF unit 104a, and 
the TF unit 105a, and outputs the delayed signal to the slicer 5. 
In this £irst einbodlmcnt, a signal obtained by delaying the 
output of the adder 118 by 32 symbols is outputted to the slicer 
5. The slicer 5 maps the output of the delay unit 4 to a closest 
'^lue among the eight values the VSB signal can take. The delay 
^it 130 delays the output of the d<i?1ay unit 4 by symbols to be 
flayed by the 64-tap TK unit 103a, the 64-tap TF unit 104a, and 
|jie 64-tap TF unit 105a which are connected in series, i.e., by 
I'pz symbols/ and outpuLsi the delayed signal to the tap 
lloefficient control circuit 140. The tap coefficient control 
jSarcuit 14 0 ubLdins a difference between the output of the data 
Wutput terminal 11 (i.e-, the output of the adder 118) and a most 
reliable i^yiribol value among the eight symhol values, and a 
difference between Lhe output of the delay unit 130 and the most 
reliable symbol value, and obtains tap coefficients to be used in 
the TFs 101~106 on the basis of the LMS algorithm using these 
differences, and transmits a control signal which instructs 
updation of the tap coefficienLb to the TFs 1 01~106; thereby 
updating the tap coefficients • 

In thifs way, as for Lhe VSB signal comprising the real 
component, the TFs I0i~106 arc constructed as real component 
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filLerjs by controlling the selectors 107~112. That is, the TF 
unit 101a is constructed as a feed-forward type TF, while the TF 
unit 103a/ tho Ti:^ unit ]04a. and the TF unit 105a are constructed 
as feed-back type TFs connected in series- 

Figure 3 is a block diagram for explaining the operation of 
the waveform equalization apparatus according to the first 
erabodinvent in the case where a DTV signal comprising a real 
component and an imaginary component and employing the QAM method 
hereinafter referred to as a 0AM signal) is inputted to the 
^paratus. Figure 3 is identical to figure 1 except that unused 
Signal lines are indicated by dotted lines. Hereinafter, a 
^scripLion wil3 be given of the operation of the waveform 
Equalization apparatus in the case where a 64-QAM signal is 
Inputted to the apparatus, with reference to figure 3. 
;i! Initially, a control signal for switching the inputs to each 

f|l 

of the selectors 107~112 according to the QAM signal, for 
example, "0", \ i> supplied from the outside to the filter 
construction control terminal 122, and a real component of a 64- 
QAM signal is inputted to the data input terminal 1 while an 
imaginary component thereof is inputted to the daLa input 
terminal 120, 

In Lhc TF unit 101a, the TF 101 performs a filtering process 
on the real component of Lhe QAM signal which is inputted to the 
data input terminaJ 1, and outputs the filter-processed signal to 
the adder 113, and outputs a delay signal to the TF 102- t'urther. 
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the Adder 118 outputs the signal obtained by the addition to tho 
tap coefficiexiL coiitrol -unit 150. 

The selector 109 selects the imyqlnwry component of the QAM 
signal supplied from the data input terminal 120, on the basis of 
the filter construction control sicjnal, and outputs it to the TF 
unit lOba. In the unit 105a, the TF 105 performs a filtering 
process on the imaqinary c:omponGnt of the QAM signal, and outputs 
the filter-processed signal to the adder 114; and outputs a delay 
signal to the TF 106* The TF 106 in the TF unit 105a performs a 
r?jfiltQring process on this delay signai, and outputs the filter- 
^processed signal to the adder 114. Further, the delay signal 
Qoutputted from the TF 105 is Inputted to the selector 111, as a 
pmain signal component of the TF unit 105a- The adder 114 adds 
the filter-processed signal from tho TP 105 and the filter- 
Processed signal f/fum the TF lOG, and outputs the sum to the 
adder 116. 

fU The selector 108 selects the real component of the QAM 

signal which is Inputted to the data input terminal 1, on the 
basis of the filter construction control signal, and outputs it 
to the TF 104, The TF 104 outputs the filter-processed siynal to 
the adder 13 6. The adder 116 adds the filter-processed signal 
from the TF 104 ^nd the output of the adder 114, and outputs the 
sum to the adder 117, The selector ni $elects the main signal 
component of the TF unit 105a, and outputs it to the adder 117. 
The adder 117 adds tiie output of the adder 116 and the output of 
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the cclcctoi 111/ and outputs the result of the addition^ as an 
im<aginary component of a waveform-equalized QAM signal, from the 
data output terminal 121. Further, the adder 117 outputs the 
result of the addition to the tap coefficient controller 150. 
Tho tap coefficient controller 150 calculates diiferences between 
a most re] iable iiymbol value among Lhe syiribol values the 0AM 
signal can take, and the output ol the adder 118, the output of 
the adder 117, the outputs tho respective taps of the TF unit 
10 la, and the outputs of the respective taps of the Ti' unit 105a, 

pfand obtains tap cocrticionts to be used in the TF 101 ^TF 106 on 

© 

KJthc basts of the LMS algorithm, using these differences, and 
^transmits a control signal instructing updation of the tap 

pncoef f icients to the TFs 101-^106, thereby updating the tap 
LjCoef f icients . 

!,f: In this way, as for the QTVM fiignal having both of the real 

;|! component and the imaginary component, the TFs 101^^10 6 are 

IS 

disconnected as complex filters by controlling the selectors 107->- 
132. 

Generally, a TK having many taps is required for waveform 
equalization of a VSB signal. On lhe oLhei hand, plural TFs 
connected in parallel are required for complex operations in 
waveform equalization of a QAM signal although the number of taps 
in each TF may be smaller. Therefore, in this first embodiment, 
the four TF unity, i.e., the TF units inia, 103a, 104, and 105a, 
are prepared in advance, and part of the four TF units, i.e., the 
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TiT units 103a, 104a, and 105;^, are c:ounectcd in series to make a 
long TF having many t.ap.s when the input signal is a VSB signal, 
while the four TF units are connected m parallel to realize a 
filtering process based on complex operations when Lhe input 
signal is a QAM signal. Accordingly/ the waveform equalization 
apparuLuti of LIiIsj first embodiment is adaptable to the waveform 
equalization processes for the both signals, and delivers 
Gufficiont performances in the processes for the. respective 
signals . 

P Further, a TF is usually very large in circuit scale as 

f|Jcompared with other circuits such as a selector and, therefore/ 
l|lit occupies the greater part of a waveform equalization circuit. 
^Jjln the waveloxm equalization apparatus of the first embodiment/ 
L however, the input to the filter construction control terminal 
[ij 122 is varied between the case where the input signal is a VSB 
signal and the case where it ia a QAM signal, whereby the whole 
filter is const ructe.d as a real component filter when the input 
signal is a VSB signal while it is constructed as a complex 
filter when the input signal is a QAM signal . Therefore, the 
waveform equalization piocesses for the vsB signal and the Q;^ 
signal can share the TFs, whereby both of the VSB signal and the 
QAM signal can be waveform-equalized without increasing the 
number of TFs, resulting in a waveform equalization apparatus 
which can perform waveform equalization on the VSB signal and the 
QAM signal without increasing the circuit scale. 
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[Embodiment 2) 

Figure 4 ii^ a block diagram i Illustrating a waveform 
equalisation apparatus according to a second ciiibodiment of the 
present invention. In iigurc 4, the same reference numerals as 
th03e shown in figure 1 designate the same or corresponding parts. 
The waveform equalization apparatus according lo the second 
embodiment is different from the waveform equalization apparatus 
according to the first embodiment only in that a TF unit 40lo and 
a TF unit 405a arc provided instead of the Tb" unit 101a and the 
StF unit 105a/ and one of dolay signals outputtftd from TFs 401~ 
^403 in the TF unit 401a and one of delay signals outputted from 
^^^TFs 405-^407 in the TF unit 40ba are selected by a selector 409 
II and a selector 410, respectively, and the delay signals so 
17^ selected are used as main signal components of the TF unit 401a 



fl| and the TF unit 40ha, respectively* 

m The TF unit 401a is provided with 16-tap TFs 401-^404. The 

fi-J 

XF 401 receives an input signal applied to the data input 
terminal 1/ and outputs a signal obtained by performing a 
filtering process on the input signal, to an adder 411, and 
outputs a delay signal thereof to the TF 402 and a selector 409. 
The TF 402 receives the delay signal from the TF 401, and outputs 
a signal obtained by a filtering process to the adder 411, and 
outputs a delay signal to the TF 403 and Liic selector 409. The 
TF 403 receives the dolay signal from the TF 402, and outputs a 
signal obtained by a filtering process to the adder 411, and 
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outputs a delay siqnal to the TF 404 and the selector 409. The 
TF 404 receives the delay signal from the TF 403, and outputs a 
signal obtained by a filtering process to the adder 411. The TF 
unit 401a is equivalent to a 64-tap TF, and one of the delay 
signals outputted from the TFs 401-^403 to the selector 409 
serves as a main siyndl component of the TF \init 401a • The 
selector 409 selects one of the delay signals supplied from the 
TFs 401-^403; on the basis of a center tap control signal 
indicating a center tap position, which signal is fsupplied from a 
Gbenter tap control terminal 413, and outputs the selected signal. 
Rttn this second embodiment, it is assumed thai the delay signal 
^jfrom the TF 401 is selected when the center tap control signal is 
|||"0", the delay signal from the TF 402 Is selected when the center 
Qtap control signal is "1", and the delay signal from the TF 403 
fids selected when the center tap control signal is "2". The 
ffjcenter Lap control signal is previously stored in an external 

m 

""'rogister or the. like (not shown), and it is supplied to the 
center tap control terminal 413 according to an instruction from 
an external controller or the like (not shown). The adder 411 
sums the signals which are outputted from the respective TFs 401 
~404 as the results of the filtering processes, and outputs the 
sum to the adder 115, 

The TF unjt 40ba is provided with 16-tap TFs 405^408 • The 
TF 405 receives the signal outputted Lrom the selector 109, and 
outputs a signal obtained by performing a filtering process on 
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the signal, to an adder 412, and outputs a delay signal thereof 
to the TF 406 and a selector 410. The IF 406 receives the delay 
signal from the TF 405, and outputs a signal obtained by a 
filtering process to the adder 412, and outputs a delay signal to 
the TF 407 and the selector 410. The TF 4 07 receives the delay 
signal from the TF 40^>, and outpuLs a signal obtained by a 
filtering process to the adder 412, and outputs a delay signal to 
the TF 408 and the selector 410, The TF 408 receives the delay 
signal from the TF 407, and outputs a signal obtained by a 
Clifiltering process to the adder 412. The TF unit 405a is 

0 

gfequivalent to a 64-tap TF, and one of the delay signals outputted 
'^Sfrom the TFs 405^407 to the selector 410 serves as a main signal 
||component of the TF unit 405a, The selector 410 selects one of 
gfthe delay signals supplied from the TFs 405^^407, on the basis of 
f|the center Lap control signal supplied from the center tap 
p^Scontrol terminal 413. In this second embodiment, it is assumed 
'''^"that the delay signal from the TF 40b is selected when the center 
tap control signal is "0", the delay signal from the TF 406 is 
selected when the center tap control signal is "1", and the delay 
signal from the TF 407 is selected when the centet tap control 
signal is "2". Tiie adder 412 suaus the signals which are 
outputted Iiuiu tiie respective TFs 405-^-408 ay the results of the 
filtering processes, and outputs the sum to the adder 116. 

Figure 5 is a block diagram for explaining the operation of 
the waveform equali7ation apparatus according to the second 
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embodiment in the Ccjye wbc^^re a VSB signal is inputted to the 
apparatus. The waveform equalization apparatus shown in figure S 
is different from that shown in figure 4 only in that unused 
signal lines are indicated by dotted lines. Hereinafter, the 
operation of the waveform equalization apparatus according to the 
second embodiment in the case where a 8-VSB signal is Inputted 
will be described with reference to figure 5. As for the 
operations of the same constituents as those described for the 
first embodiment, repeated description is not necessary. 
r|i When a 8-VSB signal is inputted to the data input terminal 1 

fIJ while "1" is inputted to the filter construction control terminal 

y? 

y|122, the selectors 107, 108, and 109 operate in the same manner 
f|jas described for the case where the vsB signal is inputted to the 

waveform equalization apparatus of the first embodiment, whereby 
||;the TP unit 103a/ the TF unit 104a, and the TF unit 405a are 
g connected in series. The TF 401 in the TF unit 401a performs a 
ril filtering process on the 8-VSB signal inputted to the data input 
terminal 1/ outputs the tilter-processed signal to the adder 411, 
and outputs a delay signal to the TF 402, and further, outputs 
the delay signal Lu Liie selector 409. The TF 402 in the TP unit 
401a performs a filtering process on the delay signal supplied 
from the TF 401, outputs the filter-processed signal to the adder 
411, and outputs a delay signal to the TF 403, and further, 
outputs the delay signal to the so] ector 409. The TF 403 in the 
TF unit 401a performs a filtering process on the delay signal 
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supplied from the TF 403, outputs the filter-processed signal to 
the adder 411, and outputs a delay signal to the TF 404, and 
further, outputs the delay signal to the selector 409, The TF 
404 performs a filtering process on the delay signal supplied 
from the TF 403, and outputs the filter-processed signal to the 
adder 411- The adder 411 sums the filter-processed signals 

obtained from the respective Tfc's 401 ----4 04, and outputs the sum to 
the adder 115. 

When "0" is inputted to the center tap control terminal 413, 

fihe selt^.ctor 409 selects Lhe delay signal from the TF 401 as a 

m 

iBiain signal component ot the TF unit 401a, and outputs it* 
jjherefore, the selector 409 outputs data which is delayed by 16 
!jSymbols with respect to the data inpuLled froui the data input 
f|erminai 1, and the center tap of the TF 401a, i.e., the tap for 
j^aking the moin signal component, becomes th^ 16th tap. Likewise, 
f||rhen "1" is inputted to the center tap control terminal 413, the 
selector 409 selects the delay signal of the TF 402 as the main 
signal of the TF unit 401a and outputs it, whereby the center tap 
of the TF unit 401a becomes the 32nd tap. Further, when "2" is 
inputted to the center Lap coiiLiol terminal 413, the selector 409 
selects Lhe delay signal of the TF 403 as the main signal of the 
TF unit 401a, whereby the center tap of the TF unit 401a becomes 
the 48th tap. In this way, the selector 409 receives the center 
tap control signal .inputtrd to the center tap control terminal 
413, and selects one of the delay signals outputted from the 
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respective TFs 401-^403, as the main signal of the TF unit 401a/ 
on the basis of the center tap control signal, and outputs the 
se.iRCted signal lo Lh« addex 118. 

The TF 40h in the TF unit 405a performs a filtering process 
on the delay outp\it: of the TF 104, which is selected by the 
selector 109, and outputs the filter-processed signal to the 
adder 412, and outputs a delay signal thereof to the 406. The 
TF 406 performs a Lil.lering process on the delay signal supplied 
from the TF 405, and outputs the filter-processed signal to the 
pi adder 412, and outputs a delay signal to the TF 407. The TF 407 
k performs a filtering process on the delay signal supplied from 
U the TF 406y and outputs the filter-processed signal to the adder 
^412, and outputs a delay signal to the TF 408, The TF 408 

performs a filtering process on the delay signal supplied from 
^- the TF 4 07, and outputs the filter-processed signal to the adder 
L|412. The adder 412 sums the filter-processed signals obtained 
fl? from the respective TFs 405-^408, and outputs the sum to the 
adder 116, 

The selector 110, the selector 111, and the selector 112 
operate in the s?iiue way as descxibed fox t]ie case where the VSB 
signal is inputted to the apparatus of the first embodiment, and 
a signal obtained by adding the filter-processed outputs from the 
TF 401, TF 402, TK 403, TF 404, TF 103, TF 104, TF 405, TF 406, 
TF 407, and TF 408 and the output from the selector 409 which is 
the main signal component of the TF unit 4Ula, xs supplied as the 
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output of the adder llH to the delay unit 4 and the data output 
terminal 11. Thex^by, Lhe wcivelorm-equalized VSB signal is 
outputted from the data output terminal 11- 

ii^igure 6 is a block diagram for explaining the operation of 
the waveform equalization apparatus according to the second 
embodiment in t?ie case where a QAM signal is inputted to the 
apparatus- The waveform equalization apparatus shown in figure 6 
is identical to that ishown in figure 4 oxcopt that unused signal 
5^J.ines are shown by doLted lines- Hereinafter, the operation of 

Sthe waveform equalization apparatus in the case where a 64-QAM 

m 

;J^fslgnal is inputted i.o Lhe apparatus will be described with 

-"^teference to figure 6- With respect to the same constituents as 

ff'i 

^-thobe o£ Lhe wdveTuim equdllZcttlun appaidLub* dccurdiiig Lu Lhe 

P 

i^Jfirst embodiment, the operations thereof will not be described 
jlJrepeatedly . 

|| Initially, a real component of a 64-QAM signal is inputted 

to tho. drita inx^ur tc^rrnin*^! 1 whil<^. rir\ imaginary r:07nponf*nt thereof 
is Inputted to the data input terminal 120, and "U" is inputted 
to the filter construction control terminal 122* As in the 
above-desct ibed ccJ^e f^y processing tl'ie VSR signal, the TP unit 
401a outputs the results of filtering processes performed in the 
respective TFs 401~404 to the adder 411, and outputs delay 
outputs of the respective TFs 401~403 to the selector 409, The 
adder 411 sums the filter-processed signals obtained from the 

respective TFs 401^^404, and outputs the sum to the adder 115. 
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Like the TF unit 401a, the TF unit 405a outputs the results of 
filtering processes performed by the respective TFs 4OS'^408 to 
the adder 412/ and ouLputs delay outputs of the respective TFs 
405—407 to the selector 410, The adder 412 sums the filter- 
processed signals obtained by the respective TFs 405~408, and 
uutpuLi) Lhe auiu Lu the dddei 116. 

At this time, as in the case where the VSB signal is 
inputted/ the selector 409 selects one of the delay signals 

outputted from the TFs 401~403, as a main signal component of 
P the TF unit 4013/ on the basis of the ceriter tap control signal 
S inputted to the center tap control terminal 413, and outputs the 
tij selected delay signal to the adder 118. 

Further, like the above-described selector 409, the selector 
p,, 410 selects one of the delay signals outputted from the TFs 405^^ 
407, as a main signal component of the TF unit 405a/ on the basis 
W of the center tap control signal inputted to the center tap 
f|l control terminal 413, and outputs the selected delay sigrial to 
the selector 111. 

For example, when the center tap control signal is "2", the 
selector 409 selects the delay signal from Lhe TF 403 and outputs 
it, thereby outputting data which is delayed by 4 8 with respect 
to the data inputted from the data input terminal 1- At the same 
time, the selector 410 selects Lhe delay output of the TF 407 and 
outputs it/ thereby outputting data which is delayed by 48 with 
respect to the data inputted from the data input terminal 120. 
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Therefore, the center tap positions of the real component and the 
imaginary component become the 48th tap. Likewise, when "0" is 
inputted to the center tap control terminal 413, the center tap 
position becomes the 16th tap, and when "1" is inputted to the 
center tap control terminal 413, the center tap position becomes 
the 32nd tap. In this way, the center- tap positions of the TF 
unit 401a and the TF unit 405a are controlled by the center tap 
control signal. 

The selector 107, the selector 108, and the selector 109 
operate m the same manner as described for the case where a QAM 
jj: signal is inputted to the waveform equalization apparatus of the 

first embodiment shown in figure 3, whereby the TF unit 401a, the 
H^TF unit 103a, the TF unit 104a, and the TF unit 405a are 

connected as a complex filter. Further, the selector 110 and the 
fl selector 112 also opor^t.ci in the syme manner as described for the 
j^Rcase where a QAM signal is inputted to the waveform equalization 
f|| apparatus of the ilx.sl. embodiment shown in figure 3,. and the 
selector 111 selects the output of the selector 410 and supplies 
it to the adder 117, Thereby, a signal, which is obtained by 
adding the signals obtained by the filtering processes in the TF 
unit 4 01a and the TF unit 103a, and the output of the selector 
409, i.e., the main signal part of the real component of the QAM 
signal, is supplied to the data output terminal 11 as the output 
of the adder 118. Further, a signal, which is obtained by adding 
the signals obtained by the filtering processes in the TF unit 
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4 01a and the TF unit 405a/ and the output of the selector 410/ 
•i.e., the main signal pari of the imaginary component of the QAM 
signal, is supplied to the daLa output terminal 121 as the output 
of the adder 117. Thereby, the real component of the waveform- 
equalized QAM signal is output ted from the data output terminal 
11, and the imaginary component of the waveform-equalized QAM 
signal is outputted from the data output terminal 121. 

As described above, according to the second embodiment of 
the present invention, the center tap control signal designating 
^4 the center tap position is inputted to the center tap control 
2 terttiinal 413, whereby the center tap position can be varied 
easily, and the range of equalization can be varied/ thereby 
providing a wavelorm equalization apparatus which enables an 

fell 

optimum tap arrangement according to the condition of the input 
signal, regardless of whether the input signal is a VSB signal or 
i| a QAM signal* 

fU While in this second embodiment the selectable center tap 

positions are the 16th tap, the 32nd tap, and the 48th tap, the 
center tap positions may be set at other taps than those 
mentioned above, FuT'ther, the number of selectable center taps 
(center tap positions) is not restricted to three, and at least 
two center taps may be selected. In this case, delay signals are 
taken from two or more tap positions, and the selector selects a 
delay signal from one of these tap positions on the basis of a 
center tap control signal, whereby the sam^ eftects as described 
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for the second embod i rn^rjt o. acrhiovod- 

For example, in the waveform equalization apparatus 
according Uo the second embodiment, two TF units each having n 
pieces of TFs (n: integer equal to or larger than 3), which TFs 

are connected such that the delay output from the m-th TF {l^m^ 
n-1: m integer) Is inputted to the (m+l)th TF, may be employed 
instead of the TF 401a and the TF 405a. respectively; two adders 
for adding the filter-processed outputs? from the respective TFs 
of the respective TF units and outputting the sums to the adder 
0115 and the adder 116^ respectively, may be employed instead of 
P3 the adder 411 and the adder 412; and two selectors each receiving 
^ the delay outputs irom the 1st to (n~ 1 ) th TFs of each TF unit, 

and selecting oxie of Lhe delay outputs on the basis of a center 
hi tap control signal may be employed instead of the selector 4 09 
jsK and the selector 410. Also in this case, the center tap position 
can be varied according to the center tap control signal, whereby 
the same effects as described for the second embodiment are 
achieved - 
[Embodiment 3] 

Figure 7 is a block diagram illustrating a waveform 
equalization apparatus according to a third embodiment of the 
present invention. Tn figure 1, the same reference numerals as 
those shown in figure 1 designate the same or corresponding parts- 
A TF unit 701a is provided with 16- tap TFs 701 and 702, and a 32- 
tap TF 703, The TF 701 receives an input signal applied to the 
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data input terminal 1/ and outputs a signal which is ohtfanned hy 
performing a filtering process on the input signal/ to an adder 

711, and fuithei, outputs a delay siqnal to the TF 702 and the 
adder 118, The TF 702 receives the delay signal from the TF 701, 
and outputs a signal obtained by performing a filtering process 
on the input signal to the adder 711, and outputs a delay signal 
to the TF 703- The TF 7 03 receives the delay signal from the TF 
702, and outputs a signal obtained by performing a filtering 

.process on the input signal, to the adder 71U Further, an 
S^peration control signal is supplied from the outside through a 
ptilter operation control terminal 715 to the TF 703/ and the 
"^'^bperating state of the TF 703 is changed by the operation controi 
flbignal* The adder 711 sums the results of filtering processes 
^Swhich are outputted from the TFs 701~703, and outputs the sum to 
flfthe adder 115, 

m 

CI A TF unit 704a is provided with 32-tap TFs 704 and 705. 

mi 
m 

The TF 704 receives the ouLpuL from the selector 107, and outputs 
a signal which is obtained, by perfoming a filtering process on 
the input signal, to an adder 712, and outputs a delay signal 
which is obtained by delaying the input signal with an internal 
delay circuit/ to the TF 705, The TF 705 receives the delay 
signal from the TF 704, and outputs a signal obtained by 
performing a filtering process on the input signal to the adder 

712, and outputs a delay signal to the selector 108. The TF 705 
is supplied with the operation control signal through the filuer 
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operati.or^ ccriLrol Lerm.lnal Vlb, and the operating state of the TF 
705 is changed according lo Lhe operation control signal. The 
adder 712 sums the results of filt<:jrinq[ proceyt>es which are 
outputted from the TF /04 and the TF /Ob, and outputs the sum to 
Lhe selector 110 and the code ixiverLer 119. 

A TF unit /06d is piovided with 32-tap TFs 706 and 707. 
The TF 706 receives the output from the selector 108, and outputs 
a signal obtained by performing a filtering process on the input 
signal/ to an adder 713, and outputs a delay signal to the TF 707, 
Q The TF 707 receives the delay signal from the TF 706, and outputs 
j|l a signal obtained by performing a filtering process on the input 
^1 signal ho the adder 713, and ouLpuLs a delay signal to the 
p selector 109, The TF 707 is supplied with Lho operation control 
signal through the filter operation control terminal 715, and the 

m 

LI operating state of the TF 7 07 is changed according to the 
£ operation control signal. The adder 713 s^ims the results of 
product-sum operations which are outpntted from the TF 706 and 
the TF 707, and outputs the sum to the adder 116- 

A TF unit 708a is provided with 16-tap TFs 708 and 709, and 
a 32-Lcip TF 710, The TF 706 leceives the output from the 
selector 109, and outputs a signal obtained by performing a 
filtering process on the input signal to an adder 714, and 
outputs a delay signal to the TF 709 and the selector 111, The 
TF 709 receives t-hf^. delay signal from the TF 708, and outputs a 
signal obtained by performing a filtering process on the input 



* 
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signal to Lhe adder J 14, and ouLpuiis a delay signal to the TF 710. 
The TF 710 receives the delay signal from the TF 709, and outputs 
a signal obLaineci by performing a filtering process on the input 
signal to the adder 714- i^urther, the Ti'^ 710 is supplied with 
the operation control signal from the outside through the filter 
operation control terminal 715/ and the operating state of the TF 
710 is changed by the operation control signal . The adder 714 
sums the results of filtering processes which are outputted from 
the TFs 708^710, and outputs the sum to the adder 116- 
Q The operation control signal to be applied to the filter 

?S operation contioi terminal 71b is previously stored in an 
[j; external register or the like (not shown), and it is inputted to 
|jj the filter operation control terminal 715 according to an 

instruction of an external controller or the like (not shown) • 
ll^ In this third embodiment, as the operation control signal/ a 

ill signal for setting the TFs 703, 705, 707, and 710 in their active 

pi 

f|! States is outputtcd when performing waveform equalization on the 
VSH signal, and a signal for setting these TFs in their halt 
States is outputted when performing waveform equalization on the 
QAM signal. 

In the wavetorm equalization apparatus according to this 
third embodiment/ the TF units 701a, 704a/ 706a/ and 708a are 
employed instead of the TF units employed in Liie waveform 
equalisation apparatus described for the first embodiment, and 
when a VSB signal iii inputted to the apparatus, "0" is applied to 
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t-he fntc^r opo^dL Ion conlrol terminal 715 as a signal for sotting 
the TFs 703, 705, 707, and 701 in their active states, whereby 
each of the TF units 701a/ 704a, 706a, and 708a functions as a 
64-tap TF, like each TF unit according to the first embodiment- 
FurLhermore, in this third embodiment, the same filter 
construction control signal as that employed for the fiist 
embodiment is applied to Lhe rilLer construction control terminal 
122 when a VSB signal is inputted to the apparatus. Therefore, 
when performing wavefonn equalization on the VSB signal in this 
g third embodiment/ the same operation as described for the case 
J|: Where waveform oqualization is performed on the vsB signal in the 
waveform equalization apparatus according to the first embodiment, 
^Jj which operation has been described with xefeience to figure 2, is 
J= carried out. Accordingly, it is not necessary to repeatedly 
[II describe the specific operation of the waveform equalization 
ip apparatus of this third embodiment in the case where a VSB signal 
f|j is inputted to the apparatus. 

Figure 6 Is a block diagram for explaining the operation of 
the waveform equalization apparatus according to the third 
eiiibodiiueat in the case where a QAM signal is inputted to the 
apparatus. The waveform equalization apparatus shown in figure 8 
is identical to t}\at shown in figure 7 except that unused signal 
lines are shown by dotted lines • Hereinafter, the operation of 
the waveform equalization apparatus of the third embodiment in 
the case where a 64-QAM signal is inputted, will be described 



> 

5 8 



with reference to figure 0. With respect to the same 
constituents as those of the waveform equalization apparatus 
according to the first ombodiment/ the operations thereof will 
not be described repeatedly. 

A real component of a 64-QAM signal is inputted to the data 
input terminal 1 while an iiuaginary component thereof is inputted 
to the data input terminal 120, and ''0*' is inputted to the filter 
construction control terminal 122. The selectors 107, 108, and 
109 operate in the same manner as described for the case where a 
ffjQAM signal is inputted to the waveform equalization apparatus of 



JSthe tirst embodiment shown in tigurc ^, wnereby the TF units '/Ola, 
;.y 704a, 7Q6a/ and 708a are connected as a complex filter. Further, 
|f the selectors lio and 112 also operate in the same manner as 
J,^,, described for the case where a QAM signal is inputted to the 

II; apparatus of the Iixi;t embodiment • Further/ the tJcloctoi; 111 

f II 

p selects the delay output of the TF 708 and supplies it to the 
f|j adder 117, Thereh^y, a signal obtained by adding the signals 
which are filter-processed by the TF units 701a and 704a and the 
delay output of the Tb' 701 which is the real component of the QAM 
signal. Is outputted Iroiu the addei 118 to the data output 
terminal 11. FurLiier, a signal obtained by adding the signals 
which are filter-processed by the TF units 706a and 708a and the 
delay output of the TF 708 which is the main signal part of the 
imaginary component of the QAM signal, is outputted from the 
adder 117 to the data output terminal 121. 
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When process inq the QAM <5ignal/ in the TF unils 701 a, 704a, 
706a/ and 708a/ sufficient filter characteristics can be obtained 
in many causes even when all of the taps in each TF unit are not 
used. In this case, for example/ "1" Is inputted to the filter 
operation conLroi terminal 715 as a signal for setting the TFs 
703, 705/ 707/ and 710 in their halt states, whereby the TFs 703/ 
705/ 707, and 710 halt the operations, and output "0" as filter- 
processed signals- Therefore, each of th^ TF units 701a/ 704a, 
706a/ and 708a functions as a TF having a tap length of 32 taps. 
n When a tap length longer than 32 taps is required in each of 

5 the TF units '/Ola/ 704a, 706a, and 708a for sufficient filter 
L| characterisLlcs/ the set values in an external register or the 
•s^jlike may be changed so LhaL a signal "0" which sets these TF 
p.,, units in their active states is applied to the filter operation 
N control terminal 715. 

W As described above, according to the third embodiment of the 

fi invention, the operating states of the TFs 703, 705, 707, and 710 
are changed by changing the input to the filter operation control 
terminal 715 according to the input signal, whereby the tap 
length of each TF unit (i.e., the ntimber of taps constituting 
each TF unit) can be switched between 32 taps and 64 taps. 
Thereby, the filter chaxacteristics of the waveform equalization 
process can easily be changed by increasing/decreasing the number 
of taps in each TF unit according to the Input signal, and power 
consumption of the waveform equalization apparatus can be reduced 
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by avoiding iiso. of nnnc^ce.s.i^a TVs, 

While in this third embodiment the .selecl.able tap length is 
32 taps or 64 taps, the tap lenqth is not restricted thereto. 
Further, while the center tap position is the position of the 
16th tap/ the center tap position is not restricted thereto* 

For example, in this third embodiment/ TF unitS; each havitiy 
n pieces of TFs (a: integer equal to or larger than 2) which are 
connected such that a delay output from the m-th TF (l^m^n-l/ m: 
integer) is inputted to the (m+Dth TF, may be provided instead 
p of the TF 701a and TF 708a; TF units, each having s pieces of TFs 
P| (s: integer equal to or larger than 2) wMch are connected so 
%|| that a delay output from the t-th TF (iSt^s-l, m: integer) is 

Mi 

g| inputted to the (t+l)r,h TF, may be provided instead of the TF 
701a and TF 708a; and the operating state of at least one TF 

ni 

^ among the TFs constituting each TF unit may be switched between 

I u 

II the active state and the halt state according to the filter 

tp operation control signal. Also in this case, the same effects as 
mentioned above are achieved. 

Furthermore, in this third embodiment, at least one of the 
TF units 701a, 704a, 706a and 708a iuay be replaced with a TF unit 
which is provided with n pieces of TFs (n: integer equal to or 
larger than 2) which are connected such that a delay output of 
the m-th TF (l^m^n-l, m: integer) is inputted to the (m+l)th TF, 
and the operating state of at least one TF among the TFs in this 
TF unit may be switched between the active state and the halt 
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sLate according to the filter operation control signal . 
[Embodiment. A] 

Figure 1 0 i s a block diagram illustrating a waveform 
equalization apparaLus according to a fourth erabodiment of the 
present invention. (n figure 10, the same reference numerals as 
Lhose shown in figure 1 designate the same or corresponding parts. 
The waveform equalization apparatus comprises a data input 
terminal 1 for receiving a VSB signal which is a signal having 
only a real component; a digital filter unit 15 for performing a 
P wavfiform Rqual i 7ati on process on the data inputted from the data 

p input terminal 1; a data output terminal 11 for outputting the 

Mi 

VSB signal which is waveform- equalized by the digital filter unit 
P 15; and a tap coefficient controller 10 for calculating tap 
Q coefficients to be used in the digital filter unit 15 on the 

basis of the data obtained from the dtgltai filter unit 15, and 

i m 

^ outputting the tap coefficients to the digital filter unit 15. 

W In the digital filter unit 15, a 32-tap TF 2 receives the 

signal inputted to the data input terminal 1, performs a product- 
sum operation on signals obtained from the internal 32 taps and 
tap coefficients given to the respective taps by the tap 
coefficient controller 10, and outputs the result of the product- 
sum operation to an adder S, as a signal obtained by a filtering 
process. Further, the 32-tap TF 2 ouLpuls a delay signal which 
is obtained by delaying the input signal, to a 32-tap TF 3 and 
the adder 9. The TF 3 receives the delay signal outputted from 



the TF 2, and outputs a signal obtained by performing a filtering 
process on the inpul. lUgnal, to the adder 9. The TF 2 and TF 3 
are equivalent to a 64 tap TF, and the detl piy .signal outputted 
rrom the TF 2 is inputted to the adder 9, as a signal of the 
center tap of the 64-tap TF, i.e., as a main signal component- A 
delay unit A delays the signal outputted from the adder 9 by 32 
symbols/ and oatputwS the delayed signal to a slicer 5. The 
slicer 5 maps the output signal from the delay unit 4 to a 
closest value among the eight values, and outputs the mapped 

p signal, thereby removing an influence of noise of the input 

?| signal on the si^bsequent processes. 

^1 A 64~tap TF 6 receives the signal outputted from the slicer 

fc|t ^' outputs a signal obtained by performing a filtering 

jg process on the input signal to the adder 9, and outputs a delay 
signal to a 64-tap TF 7. The TF 7 receives the delay signal 
outputted from the TF 6, and outputs a signal obtained by 
performing a filLering process on the input signal to the adder 9, 
and outputs a delay signal to a 64-tap TF 8. The 64-tap TF 8 
receives the delay signal outputted from the TF 7, and outputs a 
signal obtained by performing filtering process on the Input 
signal, to the adder 9. In this fourth embodiment/ the three TPs 
6/ 7, and 8 connecLed in series are used as a 102-tap TF, 
Further, signals obtained from the respective taps included in 
the TFs 6, 7, arid S are outputted to the tap coefficient 
controller 10. The adder 9 suias the results of the product-sum 



operations obtained Iroiii Lhe TFs 2, 3, 6. 1, and 8, and outputs a 
signal obtained by the summing, from the data output terminal 11, 
as a waveform-equalized VSB signal and, further, outputs the 
signal to the tap coefficient contxulltsx 10 diid Lhe delay unit 4. 
The tap coefficient controller 10 calculates tap coefficients 
corresponding to the respective taps in the TFs 2, 2, 6^ 1, and 8, 
on the basis of Lhe output from the adder 9 and the outputs from 
the respective taps of the TFs 6, 1, and 9, ?3nd rontrols updaticn 
of tap coefficients using the calculated tap coefficients. 
'f^s Next, the operation of the waveform equalization apparatus 

SJwill be described with reference Lo figure 10. IniLially, when a 
^^JVSB signal is inputted to the data input terminal 1, the input 
^ signal is subjected to a filtering process for waveform 
L equalization by the TF 2 and the TF 3 on the basis of the tap 

m 

j^W coef f 1 c1 ents which <^re set by the tap coefficient controller 10/ 
|J and the results of product-sum operations performed on the 
fll outputs from the internal taps of the TF 2 and the TF 3, and a 
delay signal obLained by delaying the input signal with the TF 2, 
are transmitted to the adder 9 as the result of the filtering 
process. The adder 9 sums the inputted signals, and outputs a 
signal obtained by the summing, as an output signal from the data 
ontput terminal ^^ , rind further, outputs the signal to the tap 
coefficient controller 10 and the delay unit 4, The delay unit 4 
delays the signal supplied from the adder 9 by 32 symbols/ and 
outputs a delay signal so obtained to the slicer 5, The slicer 5 



maps the output of. the delay uniL 4 to a closest value among the 
eight values the VSB signal can take, Lhereby removing influence 
of noise of fhe jnigriril on t>u>. ^iibsequenL processes. The TF S, TF 
1, and 'VF 8 successively perform filtering processes on the 
output of the sliccr 5, and output the results to the adder 9. 
The Lap coefficient controller 10 obtains differences between the 
outputs from the respective taps in the TFs 6, 7, and 8 and a 
most reliable symbol value among the eighL syzubol values Lhe VSB 
signal can take, and a difference between the output from the 
Q adder 9 ^md the most reliable syrobol value, and updates the tap 
£|i coef f ici ents of the TFs 3, 6, 7, and 8 using these differences^ 

on the basis of the LMS (Least Mean Square) algorithm, 
III The tap coefficient controller 10 performs updation of tap 

coefficients using an algorithm represented by formula (6), as 
Im the LMS algorithm for performing the n th updation (n: positive 
JflJ integer) of a tap coefficient Ci of a tap i (i: positive integer) 
rW in the TF2 or TF3 . 

CKnH) - Ci (n)-a XenXdi --,(6) 
wherein a indicates a fixed constant step size which determines 
the coefficient updation amount, en indicates an error in the 

output signal, di indicates data of the tap i, and -aXenXdi 
indicates the coefficient updation amount. 

When the tap coefficients of the TFs S, 7, and 8 are to be 
obtained, the n-th updation (n: positivfj integer) of the tap 
coefficient Ci is carried out according to formula (7) as follows, 
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UGing data di ' v;hich is inputted to the TF3 1 , and 0 through 
the si i car 5 and outputted from each tap of these TFs. 

Ci(n+1) - Ci{n)-a XonXcjl* .-.(V) 
wherein a indicates a fixed constant step size which determines 
the coefficient ijpdation amount, en indicates an error in the 
output signai. and -aXenXdi' indicates the coefficient updation 
amount. In Lormuia (7), di ' is an estimated value which is 
obtained by mapping the data of the above-mentioned di to a most 
reliable vaJue among the eight values the VSB signal can take, 
j;;^ and appropriate coefficieat updation is realized by formula (7) 

It using the di' . 

to 

j-^ In this fourth embodiment, when the tap coefficients of the 

TKs 6, 1, and 8 are to be obtained, updation ot the tap 
I coefficients of the TKs 6, 7, and B is carried out on the basis 

e 

f|| of formula (7) using the data di' which is obtained from the 
i|j respective taps of the TFs 6, 7, and 8 by Inputting the signal 
fif that is octal-leveled by the slicer 5 into the TFs 6, 1 , and 8 
successively. In the conventional technique, the data di, i.e., 
the output delay data which is not passed through the slicer, is 
required for obtaining the tap coefficients of the TFs 6, 7, and 
8, and therefore, a 192-delay unit is required. In this fourth 
embodiment, however, such 192-deiay unit for holding the output 
signal for coefficient calculation is not necessary. As a result/ 
the delay unit of a relatively large size can be removed, thereby 
providing a waveform equalization apparatus with significantly 
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reduced coct- 
[Embodiment 5] 

FigurPi 9 is a block diagram illustrating a waveform 
equalization apparatus according to a fifth embodiment of the 
present invention. In figure 9, tho same reference numerals as 
those shown in Ijgure 10 designate the same; or corresponding 
parts. 

With reference to figure 9, a mode input signal S901 for 
^fetermining whether the waveform equalization apparatus is in a 
3:)rmal operation mode or a test mode is supplied from the outside 
,^o a mode input terminal 901. This mode input signal S901 is 
previously stored in an external register or the like {not shown) , 
|!|nd it is inputted Lo the mode input terminal 901 according to an 
[instruction from an external controller or the like (not shown) . 
^ test signal gene/ator 902 generates an impulse signal S902 for 
^4est, and outputii it to an input signal selector 903 • The input 
sjgnal selector 903, which is disposed between the data input 
terminal 1 and a digital filler unit ]5, selects either the input 
signal inputted from the data input terminal 1 or the impulse 
signal S902 generated by the test signal generator 902 on the 
basis of the value of the mode input signal S901 inputted from 
' the mode input terminal 901, and outputs it as a selected signal 
S903. A tap coeffic:ienL controller 904 performs updstion of tap 
coefficients as de'^r.ribed for the third embodiment when it is in 
the normal operation mode, and halts the updation of tap 
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coefficients when it is in the test mode/ on the basis of the 
mode input signal S901 inputted from the mode input terminal 901. 

Next/ the operation of the waveform equalization apparatus 
in the case a VSB signal is inputted to t>ie apparatus, will be 
described. 

Initially, the normal operation tnode will be described. 
When "0" is inputted as the mode input signal S901 to Lhe mode 
input terminal 901, the input signal selector 903 selects the 
0€tal VSB signal inputted to the data inpul terminal 1, and 

Sitputs iL a selected .signal S903. The digital filter unit IS 

m 

Isfferforms a filtering procctJ.s on the selected signal S903 in the 

^ame maimer as described for the fourth embodiment. The tap 

SI 

troeflicient conLxoller 904 adaptively updates the tap 
poefficients of the digital filter unit 15 m the same manner as 

ilescribed lor the fourth embodiment, on the basis of the output 

f 

Wignal from the data output terminal 11 and the outputs of the 
respective taps In the TPs 6~8. 

Next/ the case wheie the normal operation mode is changed to 
the test mode will be described- When the value of the mode 
input sjgna] S901 applied to the mode input terminal 901 is 
changed to the jnput signal selector 90:'5 selects the impulse 

bigna] G902 outputted from Lhe test signal generator 902/ and 
outputs it as a selected signal S^a03. The digital filter unit 15 
performs a filtering process on the sel ected .signal S903 in the 
same manner as described for Lhe fourth embodiment. The tap 
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coefficient controller 904 haJts updatlon of tap coefficients of 
the digital filter unit 15, on the basis of the mode input signal 
S901, Since the impuJse signal S902 generated by the test signal 
generator 902 is Inputted to the digital filter unit 15, an 
impulse response of the digital filter unit 15 at a point of time 
when the mode input signal S903 at the mode input terminal 901 xb 
changed to "1" is outputted from the output terminal 11* 

In the waveform <=iqualization apparatus according to the 
fcurth embodiment/ the tap coefficient controller 10 updates the 

a 

^p coefficients successively, on the basis of the output from 
Sie digital tilter unit 15. Therefore, the respective tap 
^efficients change successive] y according to the VSB signal 

s 

gieceiving condition, whereby the filter chaxacteristics also 
iljhange* So, it is very difficult to obtain the tap coefficients 
gt a desired point of time- Jn the waveform equalization 
'apparatus according to the tifth eiabodiment, however, since the 
input to the. mod« j nput terminal 901 is changed during the normal 
operation and the impulse resporise of the digital filter unit 15 
is outputted from the output terminal 11, whereby the tap 
coefficients ot the digital filter unit 15 at the impulse change 
point can be easily obtained on the basis of the impulse response- 
Accordingly, in this fifth embodiment, the tap coefficients of 
the digital filter unit 15 at a desired point of time can be 
easily outputted to the outside, resulting in a wav/eform 
equalization apparatus by which the filter characteristic of the 



to waveform ecfaali^.ation^ with the same effects as described 
above. 
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